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Abstract

Post-transplant lymphoproliferative disorders (PTLD) are a serious complication
after solid organ or allogeneic hematopoietic stem cell transplantation and
include a range of diseases from benign proliferations to malignant lymphomas.
Risk factors for developing PTLD include Epstein-Barr virus (EBV) infection,
recipient age, transplanted organ, type of immunosuppression, and genetics.
Uncontrolled proliferation of EBV-infected B cells is implicated in EBV-
positive PTLD, whereas the pathogenesis of EBV-negative PTLD may be
similar to non-Hodgkin’s lymphoma in the general population. The World
Health Organization (WHO) classifies PTLD into four categories: eatly lesions,
polymorphic PTLD, monomorphic PTLD, and classical Hodgkin’s lymphoma
(cHL). Treatment is aimed at cure of PTLD, while maintaining transplanted
organ function. However, there are no established guidelines for the treatment of
PTLD. Immune suppression reduction (ISR) is the first line of treatment in most
cases, with more recent data suggesting early use of rituximab. In more
aggressive forms of PTLD, upfront chemotherapy may offer a better and more
durable response. Sequential therapy using rituximab followed by chemotherapy
has demonstrated promising results and may establish a standard of care. Novel
therapies including anti-viral agents, adoptive immunotherapy, and monoclonal
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antibodies targeting cytokines require further study in the prevention and
treatment of PTLD.

Keywords

Post-transplant lymphoproliferative disorder - PTLD - Lymphoma - Non-
Hodgkin’s lymphoma - Epstein-Barr virus (EBV) - Rituximab - Chemotherapy -
Anti-viral therapy - Adoptive immunotherapy

Contents

I INEEOAUCHION ...ttt ettt s et benes 306
EPIAEMIOLOZY ..ottt 307
3 PTLD RiSK FACIOTS ...ttt 307
3.1 Solid Organ Transplantation............cccceeciiiiiiiiiiiiiiiiniiiecc e 307
3.2 Allogeneic Hematopoietic Cell Transplantation ............cccceceevveeeenenieneneencneenennns 308
3.3 GENELCS ..o
PatOZEINESIS ...ttt sttt ettt
Clinical PreSentation .........c..coueieiruirierteieieieniestet ettt ettt sa et
Pathology, Diagnosis, and Staging.
Prognosis....
Treatment ........ccceeveeveiienencnicieieeeceeee
8.1 Immune Suppression Reduction (ISR)........ccooiiiiininiiiiiiiniccceeeee
8.2 RITUXIMAD ..ottt
8.3 Chemotherapy
8.4 Sequential ThETaPY ....ccceoeeiiririirieieeeeet ettt
8.5 LoCaliZed TREIAPY ..c.eveuiiiiiiiriiiiieieit ettt
8.6 Primary CNS PTLD .....cooiiiiiiiiiiiiieeceec ettt ettt 317
8.7 BUIKItt PTLD ...ttt ettt
8.8 Hodgkin’s and Hodgkin-like PTLD
8.9 ANti-VIral TREIAPY ..ccveveuiiiiiirtiieiete ettt ettt
8.10  Adoptive IMmUNOthETAPY ......ccvevueuiiiiiiiiiiiiieieieiteteee ettt
8.11 Novel Therapies................
9 Prevention ..................
10 Conclusions.
RETEICIICES ...ttt sttt st

[l N B e NV IS

1 Introduction

Post-transplant lymphoproliferative disorders (PTLD) include a wide range of
diseases from benign hyperplasia to malignant lymphomas that occur after solid
organ transplantation (SOT) and allogeneic hematopoietic cell transplantation (allo-
HCT) in the setting of immunosuppression. PTLD are the most common post-SOT
malignancy in children. In adults, PTLD are the second most common post-SOT
malignancy, after non-melanoma skin cancer [1, 2]. PTLD were first described in
the late 1960s in patients following renal transplantation [3, 4]. More than 40 years
later, PTLD remain a serious and, at times, fatal complication of transplantation. In
SOT, it is the most common cause of cancer-related mortality [5-7].
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2 Epidemiology

Though there are many commonalities between PTLD in SOT and allo-HCT, distinct
differences exist in the epidemiology and pathophysiology of the disease. In both
SOT and allo-HCT, many cases are associated with Epstein-Barr virus (EBV) [8].

For adult SOT recipients, PTLD are seen in up to 10-15 % of all recipients and
the highest incidence is after small bowel transplantation (20 %), followed by lung
(10 %), heart (6 %), liver (2.8 %), and renal (2.3 %) transplantation [8—11]. The
incidence of PTLD is significantly higher in children compared to adults, owing to a
high rate of primary EBV infection after transplantation [8]. While early studies
found the highest incidence of PTLD to be in the first year post-transplant, more
recent data suggest a median onset of PTLD after SOT to be 30—40 months [12, 13].

For allo-HCT patients, the incidence of PTLD is significantly lower. In several
large retrospective studies, the incidence of PTLD in patients following allo-HCT
has been 0.5-2.5 %, with peak incidence between 2 to 6 months post-transplant [9,
14-16].

3 PTLD Risk Factors
3.1 Solid Organ Transplantation

Various risk factors for post-SOT PTLD have been identified, including recipient
age, transplanted organ, characteristics of immunosuppressive therapy, and EBV
status [8, 9, 17]. First recognized in 1985, EBV infection plays an integral role in
PTLD [18]. The risk of PTLD after SOT is highest in those who develop a primary
EBYV infection after transplantation, specifically when an EBV-seronegative reci-
pient receives an allograft from an EBV-seropositive donor [19]. Over 95 % of the
world’s population has been exposed to EBV by adulthood [8]; as such, primary
EBYV infections are more worrisome in the pediatric population [20]. EBV-sero-
negative recipients have a 10-76 times greater incidence of PTLD [17, 19, 21-25].

The type of SOT and the type of immunosuppression used contribute to the risk
of PTLD. Early PTLD are likely due to the combined intensity of immunosup-
pression, while late PTLD are related to the duration of immunosuppression [9].
Specific immunosuppressive agents have also been associated with increasing risks
of PTLD, such as cyclosporine [26, 27], tacrolimus [8], OKT3 (a T cell depleting
anti-CD3 monoclonal antibody used to prevent and treat acute rejections) [6, 9], and
anti-thymocyte globulin (ATG) [6].

Other risk factors implicated in PTLD include hepatitis C [28], cytomegalovirus
(CMV) [9, 29], or HHV-8 [30] and age younger than 10 or older than 60 years [6].
The combination of multiple risk factors (CMV mismatch, OKT3 exposure, and
pre-transplant EBV-seronegative recipient) can increase the risk of PTLD up to
500-fold compared to patients with no risk factors [17].
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3.2 Allogeneic Hematopoietic Cell Transplantation

The most important risk factor in the development of PTLD after allo-HCT is T-cell
depletion of the donor marrow or peripheral blood stem cell product [15]. Other
factors include the degree of HLA mismatching, EBV serology, degree and severity
of graft versus host disease (GVHD), and age older than 50 at time of transplant
[14, 15, 31, 32].

As in SOT, EBV-seronegative recipients who are grafted from EBV-seropositive
donors are at significantly higher risk for PTLD. Although rare, PTLD are still
possible in patients with EBV-seronegative donors [14]. CMV seropositive status
for donors or recipients has also been associated with increased risk for PTLD after
allo-HCT [14]. The degree of HLA mismatch can increase the relative risk (RR) of
developing PTLD by up to 8.9 times the general population [31, 32]. Patients who
undergo myeloablative conditioning regimens and receive T-cell depleting anti-
bodies are at higher risk for EBV-associated PTLD [33]. Agents that selectively
target T cells and/or NK cells are associated with a higher risk of PTLD than those
that deplete both T and B cells, such as alemtuzumab [15, 34-36]. If multiple risk
factors are combined, patients at a particularly high risk for PTLD can be identified.

33 Genetics

Host and donor genetic variation in human leukocyte antigen (HLA) loci and genes
for several cytokines have been implicated in PTLD. In one study, donor and
recipient HLA-A26 and B38 haplotypes were independent risk factors for devel-
oping PTLD, while donor HLA-A1, B8, and DR3 haplotypes were protective
against PTLD [37]. A separate study found HLA-B donor-recipient mismatching
alone to be associated with PTLD in renal transplant patients [38].

Cytokine polymorphisms have been also implicated as risk factors for PTLD.
These include the genes encoding interleukin (IL)-10, IL-6, interferon gamma
(IFN-y), transforming growth factor-beta (TGF-B), tumor necrosis factor-alpha
(TNF-a)) promoter, and TNF-a receptor [9, 39-43].

4 Pathogenesis

In Europe and USA, the majority (approximately 85 %) of PTLD cases arise from B
cells and of these, more than 80 % are associated with EBV infection [8]. Over
90 % of the world population is exposed to EBV by adulthood [44]. Though usually
acquired in infancy, EBV can cause infectious mononucleosis (IM) in up to 50 % of
adolescents [10].

The virus gains entry into hosts via salivary exchange and infects B cells by
binding to CD21. It then replicates by lysis and proliferation of infected B cells.
EBV-infected latent B cells then begin to express multiple latent membrane proteins
(LMP) and EB nuclear antigens (EBNA). Recognizing the viral antigens, the host



Post-transplant Lymphoproliferative Disorders 309

mounts a primary CD8+ cytotoxic T lymphocyte (CTL) response affecting both lytic
and latent cells. This response leads to a decrease in EBV-infected B cells; however,
EBYV establishes itself in memory B cells for the duration of the host’s life. LMP1
upregulates anti-apoptotic genes and moves the infected cells into the latent phase
[8]. Though infected memory B cells express a restricted range of viral antigens,
these limited antigens produce a secondary CTL response, which in turn creates a
balance of proliferation and destruction of infected B cells which persists throughout
life [45]. Thereafter, EBV can be present in up to 1 in 10° circulating B cells [10].

In addition to EBV infection, other contributing factors are likely necessary,
such as allo-antigens and cytokines such as interleukin (IL)-10 and IFN-a, for the
development of PTLD [45].

Most of the studied pathogenesis in PTLD is linked to EBV. However, there is
limited literature on the pathogenesis of non-EBV-related PTLD, which may be
similar to non-Hodgkin’s lymphoma in the general population [8]. In fact, some
authors have suggested that late occurring PTLD should be considered a distinct
entity from early PTLD [46]. EBV-negative PTLD typically present as a late
complication of transplantation, with a median time of 50-60 months, and has more
aggressive features [47, 48]. Given the increased survival of patients following SOT
and allo-HCT, the incidence of EBV-negative PTLD may be on the rise [47, 49].

5 Clinical Presentation

Patients with PTLD may have an array of clinical signs and symptoms, depending
on the organ system and degree of organ involvement. As previously discussed,
PTLD may present at any time after transplantation. Some patients can present with
clinical emergencies such as intestinal perforations or fulminant PTLD with dis-
seminated disease mimicking septic shock [8, 50]. Lymphadenopathy alone is less
commonly seen as a presenting sign, when compared to the non-transplant popu-
lation. Commonly, extra-nodal organ involvement is seen [51]. Symptoms are often
due to dysfunction of the organ involved, but patients can also develop constitu-
tional (or “B”) symptoms [11]. Extra-nodal sites may include the central nervous
system (CNS), skin, gastrointestinal tract, lungs, renal, skin, and bone marrow
[12, 47, 52, 53]. Among these, gastrointestinal involvement is most commonly
reported (22-25 %) [52, 54]. Allografts themselves are less frequently involved,
with exception of lung transplants [8].

6 Pathology, Diagnosis, and Staging

Current diagnosis and classification of PTLD is based on the 2008 World Health
Organization (WHO) system [55]. Although it is sometimes difficult to clearly
distinguish between these lesions, the WHO divides PTLD into 4 main histologic
categories as detailed below (see also Table 1).
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1. Early lesions (Fig. 1a). These are typically seen within a year of transplantation.
In this type, lymphoid tissues maintain normal architecture by definition and
present with one of two distinct histological patterns—plasmacytic hyperplasia
or IM-like form. In the former, scattered EBV-positive immunoblasts are seen in
the background of sheets of polytypic, mature appearing plasma cells. The latter
histology resembles IM, demonstrating paracortical expansion by variable
numbers of immunoblasts and unremarkable lymphocytes. The immunoblasts
include EBV-infected B cells [11].

2. Polymorphic PTLD (Fig. 1c). In this type, the lymphoid tissue architecture is
effaced or a destructive extra-nodal mass is observed. As the name implies, the
lymphoid cells are polymorphic and include small- to medium-sized lympho-
cytes with variable nuclear atypia, immunoblasts, and mature plasma cells.
Necrosis may be observed [11]. These can be monoclonal or polyclonal, as
establishing clonality is dependent on the analysis technique and clonal burden.

Fig. 1 The histopathology of PTLD. a Infectious mononucleosis-like “early” PTLD lesion.
b Monomorphic PTLD, Burkitt lymphoma type. ¢ Polymorphic PTLD. d Positive EBV in situ
hybridization stain in a PTLD
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Table 1 WHO classification of post-transplant lymphoproliferative disorders
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Early lesions (5 %) Polymorphic Monomorphic PTLD Classical
PTLD B-cell subtypes T-cell Hodgkin’s
(15-20 %) (>70 %) subtypes lymphoma
(<5 %) (<5 %)
Plasmacytic Diffuse large B- Peripheral
hyperplasia cell lymphoma T-cell
lymphoma,
not otherwise
specified
Infectious Burkitt lymphoma Other
mononucleosis-like Plasmacytoma-like
Other

Importantly, these do not meet diagnostic criteria for specific WHO-defined B-
cell or T- /NK-cell lymphoma categories [56].

3. Monomorphic PTLD (Fig. 1b). This is the most common type of PTLD. These

are monoclonal proliferations that can be separated into specific B-cell and T-
cell lymphomas, using the same WHO criteria/classification as in non-transplant
patients. B-cell PTLD are more common and include diffuse large B-cell lym-
phoma (DLBCL), Burkitt lymphoma (BL) (Fig. 1b), plasma cell myeloma, and
plasmacytoma-like PTLD. DLBCL accounts for the majority of monomorphic
PTLD cases [11].
T-cell PTLD are rare and include peripheral T-cell lymphoma, hepatosplenic T-
cell lymphoma, and anaplastic large cell lymphoma (ALCL). Up to 90 % of T-
cell PTLD are EBV negative [57], while the majority of NK cell PTLD are EBV
positive [58]. Compared to B-cell PTLD, T-cell PTLD usually occur later and
carry a poorer prognosis. T-cell PTLD cases have been associated with human
T-lymphotrophic virus type 1 (HTLV-1) and may be a factor in the rising
incidence of T-cell lymphomas in Japan [59].

4. Classical Hodgkin’s Lymphoma (cHL)—This is the rarest form of PTLD and
usually presents late after transplantation. It is histopathologically identical to
cHL, showing Reed—Sternberg cells in a variable inflammatory cell milieu.

An excisional tissue biopsy is the preferred specimen for PTLD diagnosis. If an
excisional biopsy is not feasible, for example, in case of suspected extra-nodal
involvement, core needle biopsy and needle aspiration may be diagnostic [28]. Tissue
should be examined for histology, immunophenotyping, EBER-ISH (EBV-encoded
small nuclear RNA—in situ hybridization), and cytogenetic studies for classification.

Basic laboratory tests should include complete blood count with differential,
comprehensive metabolic panel, lactate dehydrogenase, and uric acid. Patients
should also be checked for EBV viral load, HIV, and hepatitis serologies. There is
insufficient data at this time to recommend following serial EBV viral loads to
assess response to therapy. Modern imaging, usually computed tomography (CT)
scanning with or without positron emission tomography (PET) scanning, is an
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essential tool in diagnosis and staging and should include neck, chest, abdomen,
and pelvis. If cytopenias are present, bone marrow biopsy may be warranted [11].

Similar to Hodgkin’s and non-Hodgkin’s lymphoma in the non-transplant set-
ting, the Ann Arbor classification is typically used for staging.

7 Prognosis

Due to the large variability of disorders encompassed in PTLD, no reliable prog-
nostic scoring system exists. In a French study of 500 patients with PTLD post-
renal transplant, the authors constructed a 5-point prognostic score based on the
following: age older than 55 years, serum creatinine greater than 1.5 g/dl, elevated
LDH, disseminated PTLD, and monomorphic histology [60]. Patients were risk
stratified into low risk (O risk factors), moderate risk (1 risk factor), high risk (2-3
risk factors), or very high risk (4-5 risk factors). Five-year OS was 92, 83, 59, and
25 %, respectively. Another study of 80 PTLD patients after SOT noted 3 prog-
nostic factors: CNS involvement, bone marrow involvement, and hypoalbuminemia
[61]. Three-year survival was 93 % with O risk factors, 68 % with 1 risk factor, and
11 % with 2-3 risk factors. CNS involvement has been associated with poor
prognosis in more than one study, though this may be improving with the use of
rituximab and high-dose methotrexate [11, 61].

8 Treatment

There are no uniformly applicable guidelines for the treatment of PTLD, due to the
wide spectrum of disease and scarcity of prospective phase II and III studies. The
goals of treatment in PTLD are twofold: first, to eliminate the PTLD and second, to
preserve the transplanted graft [56]. The majority of evidence available for the
treatment of PTLD has been seen in SOT (particularly CD20-positive B-cell
PTLD), with limited data available regarding PTLD after allo-HCT or T-cell PTLD.

In general, the initial therapeutic intervention for PTLD consists of immune
suppression reduction (ISR) [62, 63]. Unfortunately, only about half of patients
respond to ISR. In addition, it can take several weeks before a response is evident
after ISR [13, 64]. Many other treatment options have been studied and are used
either following, or in conjunction with ISR (see Table 2 and Fig. 2). These include
the use of rituximab (a monoclonal antibody directed against CD20), chemotherapy
regimens, local therapy with radiation or surgery, EBV-specific CTL infusions, and
more recent novel therapies.

8.1 Immune Suppression Reduction (ISR)

In most cases of PTLD, ISR is the first step in treatment. ISR should partially
restore the ability of CTLs to eliminate EBV-infected lymphocytes [8]. There are,
however, several potential drawbacks associated with ISR—the most significant
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Fig. 2 Treatment algorithm for PTLD

being graft rejection. In addition, ISR as monotherapy has a relatively slow time to
response (on average>2—4 weeks) [65] and lower efficacy compared to ISR com-
bined with rituximab and/or chemotherapy. Reported overall response rates (ORR)
to ISR vary from 0 to 74 % [64, 66—68], with durable responses of less than 30 % of
patients in several studies [13, 64, 66, 67].

In older studies, patients with early lesions and polyclonal PTLD appeared to
respond better to ISR, while those with monoclonal tumors [46], in particular with bcl-6
expression, were less likely to respond [69, 70]. However, in a more recent study,
monomorphic versus polymorphic histology did not predict for response to ISR [66].

In theory, EBV-positive PTLD should have a higher likelihood to respond to
ISR; however, recent evidence suggests this may not necessarily be the case. In a
recent study of SOT patients, EBV positivity was not a predictor of response—with
only non-bulky disease (<7 cm) and age <50 at diagnosis being predictive [66].
Some factors such as high LDH and multi-organ dysfunction or involvement have
inconsistently been associated with poor response to ISR [65, 66]. Multiple factors
can be combined to help predict response to ISR. For example, using LDH ele-
vation, hepatitis C infection, bone marrow or liver involvement, and B symptoms,
3-year overall survival (OS) was 100 % in patients with none of these factors, 79 %
with one, and 8 % with two or more factors [66].
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The specific dose modifications for ISR in an individual patient are based on
multiple factors, such as the transplanted organ, extent of PTLD, perceived risk of
rejection, symptoms, physical exam, and laboratory data. Decisions regarding ISR
should be pursued in close collaboration with the transplant team. Anti-proliferative
agents such as azathioprine and mycophenolate should be dose-reduced or discon-
tinued, if possible [11]. Guidelines suggest dose reduction of 25 % in limited disease.
With extensive disease in non-critically ill patients, cyclosporine/tacrolimus is typi-
cally reduced to 50 %, with discontinuation of azathioprine/mycophenolate and
continuation of prednisone at 7.5-10 mg daily [71]. In critically ill patients, it may be
necessary to discontinue all immune suppressing agents except prednisone 7.5—-10 mg
daily. Patients need to be followed closely to assess disease response and to monitor
for graft rejection. Though there are risks with ISR, the majority of evidence supports
the use of ISR as the first step in management of PTLD in most cases. In patients with
aggressive disease, low predicted response to ISR alone or a contraindication to ISR
may necessitate consideration of alternative or augmented therapies.

8.2 Rituximab

Rituximab, a chimeric monoclonal antibody targeting the B-cell surface protein
CD20, has improved outcomes in many B-cell lymphomas. Data showing ritux-
imab to be superior to other treatment approaches started to emerge around 2005
[72]. Prior to the rituximab era, the 3-year OS for PTLD ranged from 30 to 50 % but
has now improved to >60 % [62, 72-75].

In the first trial of rituximab monotherapy use after ISR failure in PTLD, an ORR of
44 % was seen, with a median OS of 15 months [74]. Since then, several other studies
have shown ORR ranging from 44 to 68 % and median OS up to 42 months (Table 2).

More recently, in a large, multicenter retrospective analysis, Evens et al.
reviewed 80 SOT PTLD patients to establish the impact of the introduction of
rituximab on outcomes [61]. All patients in the study had ISR, with 74 % of patients
receiving rituximab with or without chemotherapy. With regard to first-line therapy,
patients had a 73 % OS when rituximab was a part of the regimen compared to
33 % without rituximab. The 3-year progression-free survival (PES) was 70 % with
rituximab and 21 % without.

8.3 Chemotherapy

Prior to rituximab, chemotherapy was the primary treatment in patients who failed
ISR. Several regimens have been described for use in PTLD. Anthracycline-based
chemotherapy with rituximab, such as R-CHOP (rituximab, cyclophosphamide,
doxorubicin, vincristine, and prednisone) is the most widely used regimen
[71, 76-78]. It is preferred in patients for whom a rapid clinical response is
required, such as those with multi-organ involvement or rapidly declining clinical
status. Although the risk of toxicity and treatment-related mortality (TRM) can be



316 AK. Singavi et al.

as high as 25-50 % [79], the ORR is higher than rituximab monotherapy, ranging
between 65 and 100 % [71]. Given the increased risk of TRM, chemotherapy
should be reserved for those who fail to achieve appropriate response with ISR or
ISR and rituximab, who have highly aggressive histology, or who require a rapid
clinical response such as patients presenting with severe organ dysfunction or
rapidly declining clinical status [71]. In some scenarios, it may be prudent to avoid
certain chemotherapy drugs if possible, such as anthracyclines in heart transplant
patients and high-dose methotrexate in renal transplant patients.

8.4 Sequential Therapy

Many experts recommend a sequential or staged approach to the treatment of
PTLD, in which patients generally receive ISR or ISR + rituximab as a starting
point. An assessment of response is made 4—-8 weeks later and, if the response is
insufficient, additional therapy is then administered [63, 71, 80, 81]. This strategy
was recently tested in a large prospective study (the “PTLD-1" trial) and may
provide the foundation for a standard approach in the future [81]. In this study, 70
patients who failed ISR were then treated with 4 weekly doses of rituximab fol-
lowed by 4 cycles of CHOP. Following rituximab, there was a 60 % ORR (with
20 % CR). After completion of rituximab X 4 and CHOP x 4, the ORR increased to
90 % (with 68 % CR) [81]. In this study, the planned therapy was rituximab x 4
followed by CHOP x 4, so it is unclear whether the patients who achieved CR with
rituximab alone might have maintained their responses without chemotherapy.

In practice, a commonly utilized approach is to initially implement ISR or ISR +
rituximab and then, for those who have not achieved CR, to subsequently apply
chemotherapy. The “sequential therapy” approach of the PTLD-1 trial was modified
to test this “risk-adapted” approach, after an interim analysis demonstrated that
response to rituximab correlated with OS [82]. In the “risk-adapted” approach,
patients achieving CR with 4 weeks of rituximab received 4 additional doses of
rituximab, whereas those who did not achieve CR were then treated with 4 cycles of
R-CHOP. In a preliminary analysis (z = 90), an ORR of 93 % and CR rate of 78 %
were seen. The CR rate to rituximab alone was 27 %, with an additional 51 % going
on to achieve CR after CHOP. Only 13 % of patients achieving CR with rituximab
alone went on to relapse. Treatment-related mortality was low at 8 %. Comparing to
previous data from the “sequential therapy” part of the PTLD-1 trial, it appears that
(1) omitting chemotherapy from those achieving CR to rituximab is safe, and (2) for
those who have progressive disease with rituximab, R-CHOP is more effective than
CHOP. Those who failed to achieve CR after rituximab x 4 + R-CHOP x 4 (22 %)
did not benefit from additional R-CHOP and had nearly 80 % risk of progressive
lymphoma in the following 1-2 years. Therefore, with this approach, most patients
were able to achieve CR, while the relatively high treatment-related toxicity seen
with CHOP was avoided except for patients who truly required chemotherapy [82].
Given these promising results, further study may help establish this “response-
adapted” approach as a standard of care in CD20-positive PTLD [63].
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8.5 Localized Therapy

Localized therapy using either radiation therapy (RT) or surgery can be utilized in
carefully selected PTLD patients. When combined with ISR, this may be curative in
patients with PTLD localized to a single site (Ann Arbor Stage I disease) [63]. RT
may also have a significant role in the treatment of CNS or limited-stage PTLD,
with some studies demonstrating complete responses [83, 84]. Incorporation of RT
may also allow for an abbreviated course of chemotherapy for those with limited-
stage disease or avoidance of chemotherapy for those who are unlikely to tolerate
chemotherapy.

8.6 Primary CNS PTLD

Primary CNS PTLD is unique in both its presentation and treatment compared to
other forms of PTLD. CNS involvement occurs in up to 15-22 % of PTLD, most of
which are primary CNS PTLD, and has consistently been associated with poor
outcomes across multiple studies [6, 12, 61, 75, 84-87].

In a recent multicenter international retrospective analysis of 84 cases of primary
CNS PTLD over a l4-year period, it was found that although 83 % of cases
occurred late (>1 year post-transplant), over 90 % were EBV positive [87]. The
large majority (79 %) were associated with renal transplantation, presented with a
median time to onset of 54 months, and 79 % had diffuse large B-cell lymphoma
(DLBCL) histology. Median PFS and OS for the cohort were 8 months and
17 months, respectively.

There are no clear guidelines for the treatment of primary CNS PTLD. Options
include the use of ISR, rituximab, high-dose methotrexate (HD-MTX), high-dose
cytarabine, and whole brain radiation [63]. The role of rituximab is poorly defined
in this setting, given its poor penetration across the blood brain barrier [71].
Response to first-line therapy is the most important prognostic factor [85, 87]. In a
review of 289 patients with primary CNS PTLD after SOT, it was reported that 32
of the 39 cases of CR occurred in patients who received RT [84]. Overall, however,
the outcomes were poor, with <20 % of patients achieving long-term remission. In
general, treatment with ISR alone is rarely effective for primary CNS PTLD. For
now, treatment should be approached in a manner akin to the primary CNS lym-
phoma, including whole brain RT, HD-MTX, and high-dose cytarabine, bearing in
mind that HD-MTX is likely to have increased toxicity in renal transplant patients
[71, 87, 88].

8.7 Burkitt PTLD
Burkitt PTLD accounts for less than 5 % of PTLD cases [63]. It is a highly

aggressive malignancy with frequent extra-nodal manifestations, high proliferative
index, high latent EBV infection, and rapid tumor growth. Translocations involving
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c-myc and the heavy or light chain immunoglobulin loci underlie the aggressive
biology. Burkitt Lymphoma, in the non-transplant population, has been success-
fully treated with short-duration intensive combination chemotherapy, along with
aggressive CNS prophylaxis [89].

Unfortunately, there are no consensus guidelines or treatment protocols for the
treatment of Burkitt PTLD. Due to the aggressive nature of the disease, ISR alone
or ISR + rituximab are not recommended. Instead, most clinicians proceed directly
to a combined approach involving ISR, rituximab, and chemotherapy. In a small
study, CR was achieved in 5/5 patients prospectively treated with ISR and R-CHOP
[90]. The role of intrathecal chemoprophylaxis is unclear in Burkitt PTLD. How-
ever, extrapolating from the non-transplant setting, we recommend CNS prophy-
laxis in cases of Burkitt PTLD as well. Highly aggressive regimens typically used
for BL in the non-transplant setting should be used with extreme caution in PTLD
patients due to the increased risk for toxicity [91].

8.8 Hodgkin’s and Hodgkin-like PTLD

Hodgkin PTLD is the rarest form of PTLD; as a result, treatment data are limited to
a few case reports and series [92, 93]. The approach to treatment for Hodgkin PTLD
is similar to that employed in Hodgkin’s lymphoma (HL). This typically involves
chemotherapy or combined modality treatment using chemotherapy and RT [94].
The most commonly used chemotherapy regimen for HL in the USA is ABVD
(doxorubicin, bleomycin, vinblastine, dacarbazine). In one study of 7 patients with
Hodgkin PTLD treated with standard HL therapy along with ISR, 4 patients
achieved CR [93]. In another series, 4 out of 4 patients treated with standard
regimens achieved CR [92].

8.9 Anti-viral Therapy

Anti-viral agents, such as acyclovir and ganciclovir, have been studied as either
prophylaxis or treatment for PTLD. These agents require activation by EBV thy-
midine kinase (EBV-TK), an enzyme expressed in infected replicating cells, and are
therefore ineffective against latent EBV-infected B cells [95, 96]. Arginine butyrate
can be used to induce EBV-TK in infected latent B cells, with subsequent
administration of ganciclovir to eliminate these cells. Results utilizing arginine
butyrate and ganciclovir are encouraging [95], but further trials are required to
prove clear clinical benefit. Prophylactic use of these agents has had mixed results
[71]. Outside of clinical trials, anti-viral agents are not currently recommended for
routine prophylaxis or treatment of PTLD.
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8.10 Adoptive Immunotherapy

Adoptive T-cell therapy with EBV-specific cytotoxic T lymphocytes (CTL) has
also been used with success in treating PTLD. Since the pathogenesis of PTLD can
be from EBV infection or reactivation due to an impaired CTL response, EBV-
specific CTLs are thought to possibly restore this response [97]. However, one
study reported favorable response even in EBV-negative PTLD [98].

In SOT patients, PTLD originate from recipient origin (i.e. EBV reactivation),
and therefore, EBV-specific CTL from the recipient are required to effectively
target infected B cells [8]. In patients unresponsive to ISR, autologous EBV CTL,
in combination with rituximab and/or chemotherapy, have shown some therapeutic
success [99, 100]. In contrast to SOT, post-allo-HCT PTLD are typically of donor
origin and effective immunotherapy against PTLD would require donor CTL for
tumor targeting. In one recent study, 49 allo-HCT patients with biopsy-proven
EBV-positive PTLD were treated with EBV CTL infusions (many with ISR or prior
rituximab) and resulted in a sustained CR rate of 68 %. In a phase II study, 33
patients with both SOT and allo-HCT PTLD who failed conventional therapy were
infused with HLA-matched donor EBV-specific CTL, resulting in an ORR of 64 %
[97]. Due to a lack of consensus on the use of EBV CTL in PTLD treatment, this
approach is currently recommended for use only in the context of clinical trials [71].

8.11 Novel Therapies

Multiple newer therapies are being investigated for the treatment and prevention of
PTLD. These include monoclonal antibodies against cytokines and mammalian target
of rapamycin (mTOR) inhibitors (such as sirolimus). IL-6 is elevated in most PTLD
patients, and monoclonal antibodies targeting IL-6 are under investigation [101].
Other targets with promise include IL-10 and interferon alpha (INF-a) [102-106].

Activation of the mTOR signaling pathway has been implicated in all PTLD
subtypes [8], and sirolimus has shown anti-proliferative properties in PTLD [107].
However, confounding this, use of mTOR inhibitors post-transplant has been
associated with an increased risk of PTLD when compared to non-mTOR inhibitors
[108]. Further study is required to understand the clinical relevance of this pathway
and its inhibitors in PTLD.

9 Prevention

Many studies have looked at approaches to identify patients at risk for PTLD so that
measures can be taken to prevent its development. These include monitoring for
primary EBV infection and monitoring for reactivation of EBV with PCR post-
transplant. Though a rising EBV viral load is concerning, it does not consistently
predict the development of PTLD [109]. Monitoring EBV viral loads and pre-
emptive modulation of immunosuppressive regimens with or without rituximab
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therapy can decrease the incidence of PTLD and related mortality [110-112]. In a
recent prospective study, 299 heart transplant patients were monitored for EBV
reactivation (viral loads >10°) or primary infection in which case immunosup-
pression was tapered and response assessed in 1 month. Patients that continued to
have high viral loads received one dose of rituximab. In this cohort, only one
patient developed PTLD, responsive to ISR, and one patient died due to respiratory
complications from PTLD. Mean follow-up time for the entire group of patients
was 2.11 years. None of the patients had evidence of transplant rejection by biopsy
[110]. Anti-viral therapies, aimed to decrease lytic replication of EBV-infected B
cells, have also been investigated to reduce viral loads. Patients receiving acyclovir
and ganciclovir have been shown to have decreased risk of PTLD when compared
to those without anti-viral therapy in small studies [113—115]. However, this has not
been proven in larger studies. Though promising, this approach is only applicable to
EBV-positive PTLD, and further study is needed before routine implementation can
be recommended.

10 Conclusions

More than 40 years since recognition, PTLD remain a serious complication for
patients undergoing allo-HCT and SOT. The understanding of the pathophysiology
of PTLD continues to expand. With the identification of multiple risk factors,
timely intervention, and more effective treatment, the morbidity and mortality from
PTLD have decreased. However, there are no clearly established consensus
guidelines for the treatment of PTLD, due in part to the scarcity of large phase 3
prospective trials and heterogeneity of the disease. For patients with minimal dis-
ease and good prognostic markers, PTLD may resolve with ISR or ISR+ rituximab.
The results of the PTLD-1 trial using sequential therapy are very promising and
may establish a standard of care for PTLD treatment.

Continued research on new and novel therapies for PTLD, ideally in the form of
multicenter prospective trials, is needed to further improve outcomes for PTLD .
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